The development of gap junctions in the human gastric mucosa has been examined to see if there is any relation to gastric ulcer. Freeze fracture replicas were prepared from the endoscopic biopsy specimens of 20 patients with gastric ulcer (15 men and five women, aged 49 (13) years) and seven healthy volunteers (four men and three women, aged 41 (19) years). Large fractured areas of lateral cell membranes of surface mucous cells were observed randomly at a direct magnification of 15000 using electron microscopy. Small gap junctions were observed between gastric surface mucous cells in all healthy volunteers. Gap junctions in the patients with gastric ulcer were significantly fewer than in the healthy volunteers. In addition, gap junctions in patients with recurrent ulcer were significantly fewer than in those with first onset ulcer. There was no obvious relationship between age and the development of gap junctions in patients with gastric ulcer or in healthy volunteers. In areas of intestinal metaplasia, gap junctions were occasionally seen between absorptive cells of the villi, but not in the lateral membranes of goblet cells. These findings suggest that loss of intercellular communication via gap junctions is associated with gastric ulcer formation.
Abstract
The development of gap junctions in the human gastric mucosa has been examined to see if there is any relation to gastric ulcer. Freeze fracture replicas were prepared from the endoscopic biopsy specimens of 20 patients with gastric ulcer (15 men and five women, aged 49 (13) years) and seven healthy volunteers (four men and three women, aged 41 (19) years). Large fractured areas of lateral cell membranes of surface mucous cells were observed randomly at a direct magnification of 15000 using electron microscopy. Small gap junctions were observed between gastric surface mucous cells in all healthy volunteers. Gap junctions in the patients with gastric ulcer were significantly fewer than in the healthy volunteers. In addition, gap junctions in patients with recurrent ulcer were significantly fewer than in those with first onset ulcer. There was no obvious relationship between age and the development of gap junctions in patients with gastric ulcer or in healthy volunteers. In areas of intestinal metaplasia, gap junctions were occasionally seen between absorptive cells of the villi, but not in the lateral membranes of goblet cells. These findings suggest that loss of intercellular communication via gap junctions is associated with gastric ulcer formation. (Gut 1993; 34: 86-89) Most cells continue their vital activities, such as differentiation and proliferation, while maintaining homeostasis through intercellular communication via gap junctions.' Gap junctions are distributed in a wide variety of tissues, with the possible exceptions of adult skeletal muscles and most neurones.2 Gap junctions in surface mucous cells of the normal gastric mucosa have been demonstrated in animals, including rats and mice,3" but their relation to gastric mucosal injury has not been reported. It has been shown that experimental anoxia and a metabolic uncoupler, 2,4-dinitrophenol, cause structural changes in gap junctions, characterised by a tighter hexagonal aggregation of the gap junctional particles in the stomach and other tissues." Therefore, we decided to compare gap junctions between gastric surface mucous cells of gastric ulcer patients with those of healthy volunteers.
In the present study, the presence of gap junctions in surface mucous cells in endoscopic biopsy specimens from patients with gastric ulcer was investigated by freeze fracture methods. The roles of gap junctions in the formation of gastric ulcers and the maintenance of tissue homeostasis are discussed.
Methods

PATIENTS AND HEALTHY VOLUNTEERS
The subjects were 20 Japanese patients with gastric ulcers (15 men and five women, aged 49 (13) years) who visited our hospital for gastroendoscopic examination. Gastric ulcers caused by steroids and non-steroidal anti inflammatory drugs were excluded. These patients received no medication during the month before gastroendoscopy. As shown in Table I , the ulcer was in an active stage in 11 patients, healing stage in eight patients, and scar stage in one patient. The endoscopic staging of ulcers was done according to the standard Japanese protocol:9 Briefly, the active stage of ulcer has a crater without surrounding regenerative mucosa, the healing stage of ulcer has an area of deformity, a patch of erythema, and a small residual crater, and the scar stage of ulcer has radiating folds but no crater. Twelve patients (nine men and three women, aged 52 (10) years) had recurrent ulcers, and eight patients (six men and two women, aged 45 (15) years) had first onset ulcers. The diagnosis of recurrent ulcers was made from the past history and gastrofibrescopic examination.
The study was approved by the ethics committee of our university and informed consent was obtained from all patients and healthy volunteers.
FREEZE FRACTURE ANALYSIS
Tissue specimens were taken with biopsy forceps (FB-25K, Olympus, Tokyo, Japan) from the border of the gastric ulcer, and 5-10 cm away from the ulcer in the endoscopically normal gastric mucosa. Grossly normal appearing gastric biopsy specimens were taken from healthy volunteers.
The specimens were fixed with 3-7% formal- (Figs 1, 2 ). On the P-face, a gap junction was recognised as an aggregation of intramembranous particles, 8 to 9 nm in diameter (Fig 2B) . Complementary pits were seen on the E-face.
The frequency of gap junctions in the gastric surface mucous cells of the patients with gastric ulcers and of healthy volunteers is shown in Table II . The patients with gastric ulcer had significantly fewer gap junctions than did the healthy volunteers. The frequency of gap junctions at the edge of the gastric ulcer was almost the same as that in the endoscopically normal mucosa of the gastric fundus or antrum at a distance from the ulcer.
The patients with recurrent ulcers had significantly fewer gap junctions in the ulcer (12) . tAge 44 (12) . §Age61 (I11).
margin than did the patients with first onset ulcer (Table III) . There was no difference in the frequency of gap junctions among the three stages of ulceractive, healing, and scar (Table IV) .
As shown in Figure 3 , the frequency of gap junctions in both patients with gastric ulcer and healthy volunteers appeared to be independent of age.
Intestinal metaplasia was seen in the biopsy specimens from eight patients with gastric ulcer. The frequency of gap junctions between the absorptive cells in the area of the intestinal metaplasia was low (Fig 4) , and gap junctions were not observed in the lateral membranes of goblet cells. TIGHT 
JUNCTIONS
In the normal gastric mucosa of healthy volunteers, a tight junction between surface mucous cells was composed of a network of 5-7 junctional strands presenting a honeycomb appearance (Fig 5A) .
In 10 of 13 patients with gastric ulcer, tight junctions often exhibited discontinuity and decreased numbers of tight junctional strands, and extensions of apical tight junctional strands to the base of a cell were occasionally seen (Figs 5B,C). 
